Candida albicans appeared in the urine of approximately 80%,, of CFW mice of both sexes within 2 weeks after intraperitoneal inoculation. During a follow-up period of 10 weeks, candiduria tended to clear, but persisted in 37% of males as compared to only 16% in females. Autopsy kidney cultures yielded candida in 53% of males as compared to 25 % of females. Urine cultures in both sexes when positive contained 103-5 to 104-5 candida/ml regardless of the outcome of the infection. Preinoculation gonadectomy in both sexes increased resistance to the infection but did not alter the quantitative aspects of candiduria.
It is a documented clinical observation that males tend to be more severely affected than females by infectious diseases; however, the basic mechanisms involved in this sex difference remain undefined (13, 16) . Insight into this phenomenon is of potential importance as it could provide new information on the development and regulation of the antimicrobial defense systems.
In an attempt to define an animal model system of this phenomenon, experimental Candida albicans infection in CFW mice was studied. After intraperitoneal injection of the yeast-like fungus, the majority of mice of both sexes demonstrated candiduria, following which the infection tended to heal spontaneously. However, in the female, the rate of healing was more rapid and the incidence of renal infection at autopsy was lower. Furthermore, it was found that preinoculation gonadectomy in both sexes increased the resistance of mice to the infection. Some Autopsy cultures. At the completion of the experiment, mice were killed with anaesthetic ether. The kidneys were removed aspetically and bisected coronally. The cut surface was then used to inoculate a Sabouraud dextrose agar plate. After 2 days of incubation at 35 C, the plates were scored as positive or negative for candida.
RESULTS
(i) Candida infection in normal mice. Thirty-five mice of each sex were inoculated intraperitoneally with 1.2 x 107 candida, and urine specimens for quantitative culture were obtained weekly for 10 weeks.
Candiduria. Candiduria occurred within 2 weeks after inoculation in the majority of mice of both sexes (Fig. 1) . The maximal incidence in the sexes was essentially identical; being 28/35 (80%) in the males and 27/35 (77%) in the females.
Over the 10-week period of observation, candiduria tended to clear in both sexes, but more frequently in the female. Five male and three female mice died during the course of the experiment. Of the survivors, 11/30 (37%) of males and 5/32 (16%) of females showed candiduria at week 10 (P = > 0.05; chi-square method).
Serial urine cultures were also obtained from an additional 10 male and 10 female uninoculated CFW mice. In no instance was candida recovered from the urine of these mice.
Autopsy kidney cultures. After the 10-week urine specimens were obtained, the surviving 30 males and 32 females were sacrificed, and the kidneys were cultured. Autopsy and culture of the eight mice that died before 10 Urine specimens for quantitative culture were obtained at weekly intervals for 10 weeks. The surviving mice were then sacrificed and the kidneys were cultured. Incidence of candiduria. The maximal incidence of candiduria was 7/12 in both the bilaterally and unilaterally gonadectomized male mice; and this occurred with the first two weeks postinoculation ( Table 2 ). In the females the maximal incidence was also within the first 2 weeks, but this incidence was 4/12 in the bilaterally gonadectomized group and 9/12 in the unilaterally operated controls (P = < 0.05; Fisher exact probability test, one-tailed).
The clearance of candiduria in the males was not greatly affected by gonadectomy. In the females, however, bilateral gonadectomy increased the rate of clearance as well as decreased the initial incidence of candiduria.
Mortality. Five of the 48 inoculated mice died before termination of the experiment at 10 weeks (Table 2 ). These deaths (three in the males and two in the females) all occurred in the unilaterally gonadectomized controls.
Renal infection. The mice surviving at 10 weeks were sacrificed, and cultures of the kidneys were obtained for candida. Positive cultures were found in three bilaterally and three unilaterally gonadectomized males and in one bilaterally and four unilaterally gonadectomized females (Table 2) .
Thus, 20/24 (83%,-) bilateral gonadectomized mice of both sexes had survived and were free of renal infection by culture, as compared to 12/24 (50%7^) unilaterally operated controls (P =< 0.025; chi-square method).
DISCUSSION
In CFW strain mice injected intraperitoneally with C. albicans, candiduria occurs in the majority of mice of both sexes within 1 to 2 weeks. During a follow-up period of 10 weeks the incidence of candiduria decreases in both sexes, but this clearing is more rapid in the females. At 10 weeks postinjection, kidney cultures show candida in approximately one-half of the males as compared with one-fourth of the females.
Positive urine specimens usually contained 10 -to 104. 5candida/ml regardless of the eventual outcome of the infection. In those mice with positive autopsy kidney cultures, almost all of the urine specimens throughout the 10-week followup period contained this concentration range of candida. In those mice with negative autopsy kidney cultures, the incidence of positive urine cul- tures progressively decreased with time. However, the urines that were positive still showed approximately 103 5 to 104.5 candida/ml. This level probably reflects the population size that bladder urine in the mouse will support. These patterns were essentially the same in both sexes.
In those mice gonadectomized as weanlings and then inoculated as adults, the same general pattern of quantitative candiduria also obtained. Gonadectomy, however, did result in a lower initial incidence of infection in the females, but not in the males; and in both sexes clearing of the candiduria was augmented. Although the mortality in this system was low, the deaths that did occur were in the unilaterally gonadectomized control mice and not in those bilaterally gonadectomized.
In rats the incidence of pyelonephritis after intravenous injection of Escherichia coli is higher in males (2) . The incidence in both sexes was increased by diethylstilbesterol, and the mechanism was reported to be a hormone-induced squamous metaplasia of the collecting system transitional epithelium. Friedlander and Braude noted protection of male rats against ascending Proteus mirabilis urinary tract infection by gonadectomy (7) . They interpret this protection as resulting from atrophy of the prostate and thereby removal of a locus of infection that acts as a nidus for continual seeding of the urinary tract.
Gonadectomy and gonadal hormones have been shown to influence infections not localized to the urinary tract. For example, ovarectomy increases survival of guinea pigs and mice with experimental tuberculosis (3, 10) . Consistant with these observations are reports of decreased resistance to infection induced by exogenously administered gonadal hormones. Estrogens and diethylstilbesterol decrease the resistance of female mice to intravenously or intraperitoneally injected Staphylococcus aureus (14, 15) . Estradiol and testosterone decrease the resistance of guinea pigs of both sexes to tuberculosis (3), and estrone decreases resistance of female mice to encephalomyocarditis virus (8) .
Whether the sex difference in urinary tract infection and the influence of gonadectomy on this difference reflects unique anatomical features of the sexes or variation in their general antiinfective defense mechanisms is unknown. In addition to the gross structural differences in the lower urinary tract, sex-related renal characteristics in the kidney itself are described. In outbred Swiss mice, parietal cells of Bowman's capsule in the female are cuboidal as contrasted to a more flattened configuration in the male (6) .
In addition to differences in susceptibility to various infectious diseases, sex-related differences in the activity of specific systems which contribute to the general phenomenon of resistance are reported. The reticuloendothelial phagocytic activity in rabbits for colloidal carbon is greater in the female, and this is stimulated by estrogens (12) . Serum complement levels in rabbits and mice are higher in the male, and gonadectomy lowers this level in the male and elevates the titers in females (5) . Certain of the lysosomal enzymes within phagocytic cells in the dog are present in a higher concentration in the female (1) . How these factors would interact to influence the outcome of any particular infection is at present a matter of speculation.
Nicol has suggested that the increased resistance of the female to infectious diseases results from the stimulation of the reticuloendothelial system which is produced by estrogens but not by androgens (12) . However, it is not immediately apparent how this formulation is to be reconciled with the examples cited above of increased resistance produced by gonadal hormone in both sexes and decreased resistance following gonadectomy.
It may be that resistance to certain infections is depressed in both sexes by gonadal hormones and that the effect is for some reason more marked in the male. Such an effect might be mediated in part through the immune system by both androgens and estrogens which produce lymphoid atrophy (9) . Further investigations on the influence of these hormones on the antimicrobial defense mechanism, particularly with regard to cell- 
